Die Kristallstruktur von Rathit-I wurde mittels dreidimensionaler Intensitätsdaten bestimmt. Vier Formeleinheiten (Pb,Tl)jA8 1 (As^Ag)S 10 sind in der Einheitszelle der Symmetrie Ρ 2Ja mit a = 25,16 Á, 6 = 7,94 Â, c = 8,47 Â, β = 100° 28' enthalten. Die wahre Symmetrie von Rathit-I ist möglicherweise triklin. Die Lösung lieferten die Ähnlichkeit der Struktur mit derjenigen von Rathit-III und spezielle Verhältnisse der Röntgendiagramme.
Introduction
Rathite-I, (Pb,Tl) 3 As 4 (As,Ag)S 10 , is a mineral of a suif osait group, to which rathite-II, rathite-ΙΠ, rathite-IV, dufrenoysite, baumhauerite and scleroclase belong. A characteristic feature of these minerals is that they have periods of 8.4 Â and 7.9 Â along two mutually perpendicular directions. Though most of the structures have already been investigated, no precise structure has yet been revealed owing to the large absorption effects and the large unit-cell dimensions. Some of the structures reported contain unreasonable features such as, for example, infinite chains of As-S 3 pyramids along the 8.4 Â axes which, as was pointed out by Y. IITAKA and W. , cannot exist.
The structure determination of rathite-I was earned out in order to obtain precise information concerning the structural principles of this group of minerals. It was also desired to clarify the relationship of rathite-ΙΠ and rathite-I, which are dimorphous if the small amount of Ή and Ag in the latter plays no significant role in the formation of the mineral and can be replaced by Pb and by As respectively.
Rathite-ΠΙ (LB BTFTAN, 1962) has hitherto not been found by us in the Lengenbach quarry. It is important to mention that the rathite-I of LE ΒΤΤΓΑΝ (1962) is almost identical with dufrenoysite and was called rathite-Ια by us (NOWACKI et al., 1964) . Rathite-II was first described by BER»Y (1953) . The lattice constants, space group and chemical composition are :
then usually polysyntheticallv twinned. The microprobe analysis (NOWACKI und BAHEZRE, 1963) yielded the composition Pb = 41.2^1, As = 27.0 ± 0.5, S = 28 ± (1 -2), T1 = 3.6 ± 1, Σ = 99.7%.
Experimental
We looked through a large number of specimens from Lengenbach for a suitable rathite-I crystal as described by PEACOCK and BERRY (1940) , but could not find one untwinned. Finally, through the kindness of Dr. L. G. BERRY (Queens University, Kingston, Canada) we obtained a good crystal (also from Lengenbach) for intensity measurements.
The unit-cell dimensions obtained from Weissenberg photographs are, a = 25.16 ± 0.02 Á, 6 = 7.94 ± 0.01 A, c = 8.47 ± 0.01 Â, « = 90° ±10', β = 100°28' ± 10', γ = 90° ± 10'.
Although the space group of rathite-I was reported as P2x/a, the Weissenberg photographs showed small discrepancies between the intensities of hkl and hkl reflections, indicating triclinio symmetry for this crystal. Moreover, several weak reflections with h = odd were observed among the hOl reflections. The true space group must, therefore, be Pi or Pi. However, it is difficult to say whether these small deviations from monoclinic symmetry are common to all rathite-I crystals or whether they are only a special characteristic of the crystal examined, caused by a small content of Ή and Ag. For the structure determination the space group P2Ja was assumed, and the average intensities of the hkl and hkl reflections were used, the difference being very small.
A sphere with a radius of 0.06 mm was prepared for the intensity measurement from a piece of the crystal. The integrated Weissenberg photographs were taken with CuKoc radiation up to the 7-th layer around the b axis and up to the second layer around the c axis. The intensities were measured with a Joyce-Loebl microdensitometer, and corrected for the Lorentz-polarization and absorption effects with the programme of Y. IITAKA for the Bull Γ AET electronic computer. The linear absorption coefficient of the crystal is 855 cm -1 for Cu£a and the absorption-correction factors for the sphere range between 180 at θ = 0° and 14 at θ = 90°.
The chemical analysis of the crystal was carried out by W. NO-3. Structure analysis Since the MO x-ray diffraction diagram of rathite-I is almost identical with that of rathite-ΠΙ (M.-TH. LE BTTTAN, 1962), the C axis projection of the structure should have the same atomic arrangement as that of rathite-ΠΙ. Actually the values a sin/?, b and c for rathite-I (24.75 Á, 7.94 Â, 8.47 Â) are nearly equal to the values found for rathite-ΠΙ (24.52 Á, 7.91 Â, 8.43 Â) and the chemical contents of their unit cells are identical if the Ή atoms in rathite-I are replaced by Pb atoms (Pb 12 As 20 S 40 ). Calculation of the hkO structure factors were, therefore, carried out with a programme by Y. IITAKA for Bull PAET utilizing the atomic coordinates of rathite-III; fairly good agreement between the observed and the calculated structure factors was obtained, the i?-factor being 0.38. This projection was refined by difference Fourier syntheses until the i2-value was reduced to 0.16.
The ζ coordinates were obtained from a special feature of the hOl x-ray diagram. Since the hOl intensity distribution along the c axis direction in reciprocal space is periodic to a fairly good approximation with the period 4, all atoms should lie nearly on a set of equally spaced planes perpendicular to the c axis, the interplaner spacing being c/4. There are two possible sets of planes which satisfy both this condition and the symmetry requirement for P2Ja : ί , χ 
The structural similarity to rathite-III as well as crystallochemical considerations suggested that the correct set should be the former, and furnished two probable models of the structure. The true structure was found after several cycles of refinements of these models tested with the hOl difference Fourier projection. The R value of the correct model was reduced from the initial value 0.49 to 0.19 for the hOl reflections during the refinement.
Refinement
During the preliminary study with two-dimensional data, it was found from the Fourier projections that the As(5) atom has a lower electron density than the other As atoms and that there is a peak at a position about 0.6 Â apart from the position postulated for As(5). The agreement between the observed and the calculated structure factors becomes worse if As(5) is put at this peak. Therefore it was suspected that the As(5) atom statistically occupies both positions. To clarify this point, a three-dimensional difference Fourier including 3477 diffraction data was calculated with the O. S. MILLS' programme for the Mercury computer at the calculating center of Oxford University. A part of the section through the As(5) atom is shown in Fig.l , in which a negative region at the postulated As(5) position and the peak near it is clearly observed, suggesting a statistical distribution of the As(5) atom between the two positions.
Three-dimensional least-squares refinements using equal weights for all reflections and assuming the statisticall distribution of the As(5) atom were then carried out with the programme written by C. T. PREWITT for the I.B.M. 7090 computer. Anisotropic temperature atom at the two positions were refined. After three cycles of refinement, the R factor was reduced from the initial value of 0.23 to 0.102 for all 3477 reflections and 0.086 for the 3013 observed reflections. The experimentally determined relative layer-scale factors and the final values obtained by the least-squares refinement agree within 3%, except for those reflections with k larger than 7 which were obtained from the photographs around the c axis. The experimental layer-scale factor for these reflections was underestimated owing to the insufficient integration for Κ<χ1-Κα2 splitting in the higher Bragg-angle regions. The final positional coordinates and the temperature factors are given in Table 1 and Table 2 , respectively, with the standard deviations calculated by the least-squares programme. Since the dispersion effect was not taken into account, the actual temperature factors of the Pb atoms should be smaller than the values given in Table 2 . The calculated and the observed structure amplitudes are given in Table 3 . For the calculation of the structure amplitudes, the population of the As(5) atoms at the two positions were assumed to be 0.668 and 0.332 respectively.
The maximum and the average coordinate shifts in the last cycle of the refinement expressed as fractions of the standard deviations are 2.01 and 0.66. Since we obtained a good convergence with the full-matrix least-squares programme, it is not expected that further refinement will cause significant changes in the atomic coordinates unless a new weighting scheme is employed.
Description of the structure
The atomic distances and the bond angles are given in Table 4 . From the temperature factors the r.m.s. deviations of the atoms along the principal axes of the vibration ellipsoids were calculated and are given in Table 5 along with the direction cosines of two principal axes.
Pb(l) and Pb(2) are surrounded by nine S atoms in the manner shown in Fig.2 . The coordination polyhedra around Pb(l) and Pb(2) are joined together by sharing the bases to form PbSe strings along the c axis direction. The strings are laterally combined by sharing triangular faces of the polyhedra and form PbS3 layers parallel to ( 100). Pb(3) has seven nearest-neighbouring S atoms. The mean Pb(3)-S distance is somewhat shorter than the mean Pb(l), Pb(2)-S distances.
As(l), As(2) and As(4) are each coordinated by three S atoms forming trigonal pyramids with them, and these are joined into strings by sharing S atoms (Fig.3) . The mean As-S distances agree well with the normal As-S covaJent-bond distance. The S-As-S and As-S-As angles are in a good agreement with the values found in the structure of orpiment (Ν. MOBIMOTO, 1954) . As(3) is coordinated by S(5) and S(10) at distances of about 2.28 Â and by S(8) and S(9) at distances of about 2.7 Á. Although the former are in good agreement with the normal As-S covalent-bond distance, the distances of 2.7 Â are too long for As-S covalent bonds. The magnitude and anisotropy of the temperature motion of As(3) are very large in comparison to those of As(l), As(2) and As(4), which have a maximum r.m.s. deviation of 0.27 Â and a minimum deviation of 0.18 Á (Table5). The AS(3), S(8) and S(9) atoms are nearly on a straight line, and As(3) has the largest r.m.s. deviation nearly parallel to this line. Therefore, As(3) seems to form covalent bonds statistically with S(8) and S(9). If As(3) forms a covalent bond with S(8) the As(3)-S3 trigonal pyramid is joined with the As(4)-S3 pyramid. As(5) was statistically distributed over two positions, (a) and (b), during the course of the refinement. The position (a) is surrounded octahedrally by six S atoms, while the position (6) has a trigonal pyramidal coordination of three S atoms, which is usual in crystal structures of arsenosulfides. It is suspected that the position (a) is not occupied by As but by a different kind of atom, since the distances from the position (a) to the surrounding S atoms are too long for As-S distances, and since the sum of the population factors for the positions (a) and (6), as obtained by the least-squares method, is much larger than one. Actually, a careful chemical analysis of the crystal used, carried out by G. BURRI with a CAMECA x-ray microanalyses showed that the crystal contains a few weight percent of Ag. If the positions (a) are occupied by Ag atoms, the population factor for (a) becomes about 0.57 and the sum is nearly equal to one. Therefore, The projections of the structure along the 6 and c axis are shown in Fig. 3(a) and (6) . The structure is composed of two kinds of layers parallel to (100). The first kind are the PbS 3 layers. The second kind have a structure closely related to the PbS structure. It is derived from the PbS structure by dividing it into layers which have the 
